ABSTRACT
INTRODUCTION
Atherosclerosis is a prevalent systemic disease and accounts for the greatest number of deaths in developed countries. Clinical events secondary to it and their individual appropriate treatment depends on the sites involved in each case (1). Several studies have demonstrated that patients with atherosclerotic disease at one site are very likely to present it at another (2-12). Wofford et al showed that patients with atherosclerotic coronary disease are very likely to present atherosclerotic lesions in the carotid arteries (11) . Another study using autopsies found a high frequency of fat plaques in the abdominal aorta, both in young adults and children, and correlated abdominal aortic calcifications with coronary calcified plaques (12) . Aortic calcifications, especially in the thoracic aorta, are common in the elderly. Moreover, there is large evidence indicating that patients with thoracic aorta calcifications are at greater risk for coronary disease and stroke (3, 13, 14) . Computed Tomography (CT), distinctively after the advent of multi-slice equipment, has been frequently used to evaluate carotid and coronary atherosclerosis. Images of the aorta, however -including the abdominal segment -had received less attention (15). Because of this, although parietal hyperdensities are often seen in the abdominal aorta at CT, the true value of such finding has not been well defined yet (2,10).
Concurrently, carotid Ultrasonography (US) studies are able to provide high-resolution images, which not only supplies the grade of a carotid stenosis, but also the characteristics of arterial walls. Some authors have shown that arterial myointimal thickening is a strong predictor of future cardiovascular events (16), as well as carotid plaques for atherosclerotic systemic disease. Both aortic and carotid atherosclerotic disease may result in very grave clinical outcomes (2,4,5). Early diagnosis can lead to immediate treatment and, consequently, decrease mortality rates (1). However, there are very few evidences proving a clear and significant association between these two entities. Therefore, the aim of our study was to look at the association of atherosclerotic involvement at these two sites using abdominal CT and carotid US.
MATERIAL AND METHODS

Study and patient population
We developed a prospective cross-sectional study from March 2011 to April 2012. A total population of 118 patients was included, after accepting to participate in the research by signing the informed consent form. All patients were submitted to abdominal CT scans for various medical reasons, and were subsequently invited for carotid US performance. Patients who did not undergo both exams and patients with neurological deficits who had no family to answer for were excluded.
CT evaluation of abdominal aorta
CT scans were performed using three single-slice helical equipment: Siemens Somaton Emotion (Siemens Medical Solutions, Malvern, PA, USA), Shimadzu SCT 7000ts (Shimadzu, Kyoto, Japan) and General Electric Hispeed (GE Medical Systems, Milwaukee, WI, USA). Slice thickness of images acquisition protocols varied from 3 to 10 mm. CT scans were obtained from the thoracoabdominal transition to the iliac crests, and soft tissue filters were used. The images were visualized in DICOM (Digital Imaging Communications in Medicine) format, enabling the use of gray tone and zoom adjustment tools. Imaging analysis was done by one radiologist with 10 years of experience (C.J.P.H.), who sought for abdominal aorta hyperdense parietal images (calcifications), from the diaphragm to the iliac bifurcation. Iliac bifurcation calcifications were not included.
Evaluation of atherosclerosis in the carotid artery
The US exams of the carotid arteries were performed with Envisor HD equipment (Philips Medical Solutions, Malvern, PA, USA), using the multifrequency linear transducer 7-10 MHz. A cardiologist (A.N.) specialized in ultrasonography, with 15 years of experience, classified carotid lesions. Focal lesions greater than 1.4 mm thick were considered plaques. At the time of examination, he was blinded for any information concerning abdominal CT results.
Risk factor estimates
The covariables included in our study correspond to potential risk factors associated with Carotid artery Atherosclerotic Plaques (CAP). Sex, color, smoking, alcohol drinking, diabetes, Systemic Arterial Hypertension (SAH, systolic pressure 140 and diastolic pressure 90), diet, physical activity, abdominal circumference (men: normal if 102 cm, altered if >102 cm and women: normal if 88 cm, altered if >88 cm), Body Mass Index (BMI) classification (<24.9: normal; ≥25: altered), family history of cardiovascular disease, ischemic stroke, coronary angioplasty and revascularization surgery.
Statistical analysis
We have applied univariate logistic regression to select possible risk factors associated with carotid lesions to construct the multiple regression model. The univariate regression enabled the estimation of the odds ratio (raw OR) and the respective confidence intervals of 95% (CI 95%). A non-conditional analysis strategy was used for multiple logistic regression analysis, which simultaneously included in the model all the significant independent covariables of univariate logistic regression results, with the forward stepwise method, and a 0.20 level of significance verified by the Wald test. The non-significant covariables were eliminated from the multiple model (p>0.05), and the effect of the exit of each one was verified in the remaining coefficients. Statistical analyses were performed using computational application SPSS 15.0 (SPSS Inc., Chicago, IL, USA).
Ethical aspects
This study was approved by the ethical committees from Federal University of Santa Maria and Cardiology Institute of Rio Grande do Sul -University Foundation of Cardiology, according to the Declaration of Helsinki and the International Committee of Medical Journal Editors. All patients included in the sample were invited to participate in the study and have signed an informed consent form.
RESULTS
The examinations of 118 patients who underwent total abdominal CT and carotid US were evaluated. The mean age was 55 ±13 years (ranging from 30 to 70) and 66/118 (55.9%) were female (versus 52 men -44,1%). Table 1 
DISCUSSION
Calcification in blood vessels is known to be part of a complex atherosclerotic process and tends to appear later than the so-called atheromas. In this context, aortic calcification reveals to play a role in an actively regulated process (17, 18) , usually denoting the presence of aortic atherosclerosis. Therefore, the presence of calcified vascular foci at routine examinations cannot be considered antique or resolved entities, and should always gain proper consideration. In our research, we have cross-matched several covariables with the presence of imaging pathological findings. In the Rotterdam population base study, Kardys et al have evaluated coronary calcification, carotid wall thickness, carotid plaque and abdominal aortic calcification using different imaging modalities (19) . In that study, the authors have concluded that carotid plaques occur more frequently in males. On the other hand, our results have shown a higher occurrence of carotid atherosclerosis in women. Nevertheless, after performing multiple regression statistical analysis, the variable gender was not significantly associated with CAP. There is also a well-known association between SAH and atherosclerotic carotid alterations. Allison et al have proved that SAH is an important risk factor for carotid atherosclerosis (OR: 3.2) (20) . Interestingly, in our study, the occurrence of carotid lesion in hypertensive patients was approximately six times greater than its occurrence in non-hypertensive patients (OR: 5.653). Moreover, we have found that the concomitant presence of AAP and CAP was almost two times more likely to occur (OR: 10.752) than the presence of SAH and CAP, a result that had not yet been described in the literature.
When regarding to radiological findings, several authors have found strong associations between two specific sites of atherosclerosis occurrence. Reaven et al have described the association between coronary artery atherosclerosis and abdominal aortic calcification, as well as an increased risk of cardiac events in patients with type 2 diabetes (7) . In the present study, although diabetes apparently revealed to be associated with CAP at univariate analysis, such correlation was not confirmed after applying multiple regression analysis. Other studies had already identified an important correlation between carotid wall alterations and thoracic aortic plaques (6, 9, 10) . Kallikazaros et al have demonstrated a consistent association between carotid artery atheromas and atheromas of the ascending aorta by using mode B of transesophageal ultrasonography (6). As we initially postulated, our study indicated a similar correlation, now showing that CAP is also strongly associated with atherosclerotic disease of the abdominal aortic segment. It is mandatory to state that our research has limitations, which may have somehow influenced the final outcome. Most of these difficulties are attributed to technical and institutional issues, such as not disposing of multi-slice CT. However, since most data was minimally and individually collected, and considering the rigorous statistical process throughout results were submitted, we believe that the conclusions we have obtained are very unlikely to be only occasional.
Parietal calcifications in the abdominal aorta are often incidentally identified at CT exams, and we believe that such finding has not been sufficiently dimensioned in daily medical practice. Our study shows a strong independent association of incidentally found AAP at CT with the presence of CAP at US. To our knowledge, the present study is one of the first statistically corroborating this association. As well, we have found a significant correlation between the diagnosis of SAH and CAP, although this correlation had been previously described. Even admitting that more evidences are necessary to support ours, we believe that in the future the incidental finding of AAP may recommend additional investigation at other sites looking for atherosclerotic disease, with special attention to the carotids. This information will probably allow early diagnoses of atherosclerosis, reducing potential risks for major cardiovascular events in future. 
